cholineacylhydrolase, 3.1.1.8) have been recognized by the use of differential inhibitors (Kalow and Genest, 1957; Harris and Whittaker, 1961) . A third variant, the silent gene, determines an absent or greatly reduced serum cholinesterase level in the affected homozygote (Liddell, Lehmann, and Silk, 1962) . These variants are alleles, and the affected homozygote is usually discovered because of an unexpected sensitivity to the muscle relaxant suxamethonium. Another variant, not an allele of the first group, is recognized by gel electrophoresis (Harris et al., 1963) and has not been investigated in this paper.
Inhibitor studies on the first group have used an assay with benzoylcholine as substrate (Kalow and Lindsay, 1955) . The results obtained with the different genotypes are summarized in Table I . Two nomenclatures have been proposed. Both are given in the Table, and that of Goedde and Baitsch (1964) has been used in this paper. Ellman et al. (1961) described a cholinesterase assay using acetylthiocholine. This has the disadvantage that acetylthiocholine is hydrolysed by Received 26 January 1970. acetycholinesterase as well as cholinesterase, while the butyryl analogue is relatively specific for cholinesterase (Myers, 1953 The spontaneous hydrolysis of butyrylthiocholine under these conditions was found to give an increase in optical density of less than 0*005/minute. This could usually be ignored but was measured and used to correct the results when appropriate. Red cell haemolysates had a hydrolytic activity of approximately 0 3% of normal plasma.
Inhibitors. The following inhibitors were used: dibucaine hydrochloride (Koch-Light); sodium fluoride, AR (BDH); R02-0683 (Hoffman La Roche); the dimethylcarbamate of (2 hydroxy-5-phenylbenzyl) trimethyl ammonium bromide; n-Butanol (Fison; May and Baker; BDH: AR, special for chromatography and specially purified for the determination of 17-ketosteroids).
Results
Substrate concentration. The effect of the substrate concentration on the cholinesterase activity of sera from Chlu, Ch,D, and ChjF homozygotes was determined ( The values for Km and optimal substrate concentration are given in Table II. A concentration of 7-5 mM butyrylthiocholine was chosen for the subsequent investigations. With all three genotypes the change in the optical density with time was found to be linear up to 040. Variation in DTNB concentration in the range 0-1 to 0-8 mM/litre was found to produce no significant change in the result.
Dibucaine inhibition. The inhibition produced by varying concentrations of dibucaine on sera from the Chlu, Ch,D, and Ch, homozygotes was measured using the above assay (Fig. 2) . The results were similar to those obtained with benzoylcholine as substrate. Optimum differentiation of the three sera was obtained with 100 ,uM dibucaine instead of the 10 ,uM concentration used with benzoylcholine.
R02-0683 inhibition. The inhibition produced by varying concentrations of this inhibitor on sera from the three homozygotes was measured (Fig. 3) .
The inhibitor and serum were added to the DTNB in phosphate buffer and pre-incubated for 2 hours at room temperature before adding substrate. The activity was compared with sera similarly pre-incubated without inhibitor. The results were identical with those obtained using benzoylcholine.
Fluoride inhibition. The effect of fluoride was investigated in a manner similar to that for dibucaine (Fig. 4) .
When benzoylcholine was used, the usual enzyme was strongly inhibited, the Ch,D variant weakly inhibited, and the inhibition of the Ch1, variant was intermediate (Table I) . With butyrylthiocholine the Ch,D variant was most strongly inhibited, the usual enzyme less so, and the Ch,F variant least of all.
Butanol inhibition.
Whittaker (1968a, b) showed that low concentrations of alcohols activated cholinesterase, and higher concentrations inhibited when benzoylcholine was used as a sub- The results are shown in Table III . 
Discussion The butyrylthiocholine assay is inherently more sensitive than the benzoycholine method because the hydrolytic activity against the former is greater, and because the molar absorptivity of the nitrobenzoate anion is greater than that of benzoylcholine. The method can also be made much more -sensitive by increasing the volume of serum up to 200 ,d. if DTNB is first allowed to react with free thiol groups in the serum. This is impossible with benzoylcholine because protein absorbs strongly at 240 m,>. A butyrylthiocholine assay therefore requires only 2 minutes in a recording spectrophotometer instead of at least 5 minutes with benzoylcholine. This is important in survey work. The method is also sufficiently sensitive to detect the small cholinesterase-like activity in the sera of Chls homozygotes.
The inhibitions of butyrylthiocholine hydrolysis by both dibucaine and R02-0683 were similar to that with benzoylcholine.
Fluoride produced different effects in the two methods. With benzoylcholine the variants are inhibited in the order ChluChlFCh,D, while with butyrylthiocholine the order was ChDGChluChlF (Fig. 4) . Results similar to those with butyrylthiocholine were found when 5 mM acetylthiocholine was substituted for the former. A theoretical explanation of the effect of the positively charged inhibitors such as dibucaine and R02-0683 is that the anionic site of the enzyme is less negatively charged in the Ch,D variant than in the usual cholinesterase.
The fact that the negatively charged fluoride anion differentially inhibits benzoylcholine hydrolysis in a similar manner has been used as an argument against this hypothesis. The results with butyrylthiocholine weaken the objection. Table I ). The butyrylthiocholine assay gave improved differentiation of most of these genotypes (see Table II ). The best differentiation was obtained by using both the R02-0683 inhibition and butanol inactivation (Fig. 6) 
